SUMMARY: A stratified study of microhabitat use by grey mullet on the island of Minorca (Balearic archipelago, western Mediterranean) showed that the distribution of all the species was dramatically affected by salinity. Sites with a salinity level under 15 were positively selected in spring and summer by those species whose growth performance was the best in oligomesohaline water (Liza ramado and Mugil cephalus) but also by a species whose growth was not affected by salinity (Chelon labrosus). Liza aurata concentrated in polyhaline and euhaline sites, where growth was improved, a pattern also exhibited by Liza saliens. Both species avoided fresh water sites all year round. As a consequence, community structure was correlated with salinity. The above reported electivity patterns often disappeared in autumn, when most grey mullets migrate off-shore.
INTRODUCTION
Grey mullet (Osteichthyes, Mugilidae) commonly inhabit tropical and warm-temperate estuaries (McDowall, 1988; Blaber, 1997; Pombo et al., 2005) , where they play a crucial ecological role (Laffaille et al., 1998 (Laffaille et al., , 2002 Torras et al., 2000; Cardona et al., 2001; Almeida, 2003) and usually support artisanal fisheries (McDowall, 1988; Blaber, 1997) . Although these species always spawn at sea, they are highly euryhaline and thrive in a wide range of salinities (McDowall, 1988) . Due to their euryhalinity, they are often stocked in brackish coastal lagoons to improve fish yield (Ravagnan, 1992) and are introduced into fresh water lakes and reservoirs to create new fisheries (Ben Tuvia et al., 1992) . In spite of the ecological and economical importance of grey mullet, proper management is hindered by the lack of information on habitat selection.
Growth of euryhaline species is often affected by salinity because the energy used for osmoregulation is not available for growth (Brett, 1979; Wootton, 1990) . Consequently, many of these species have an optimum salinity level at which the growth rate is highest and the cost of osmoregulation lowest, which may affect fish distribution in the wild (Blaber, 1997) . Laboratory experiments revealed distinct osmoregulatory strategies among European grey mullet species (Vallet et al.,, 1970; Lassere and Gallis, 1975; Nordlie and Leffler, 1975; Nordlie et al., 1982; Kulikova et al.,, 1989; Shusmin, 1990; Cardona, 2000) , indicating that there are differential distribution patterns along salinity gradients in the wild. However, detailed information about habitat use by European grey mullet species is only available for one species (Cardona, 2000) , although tolerance ranges are known for others (Faouzi, 1938; Heldt, 1948; De Angelis, 1967; Paris and Quignard, 1971) . In this paper we evaluate the relevance of salinity for explaining the distribution of grey mullet species in Mediterranean estuaries and also whether this environmental factor is a useful predictor of assemblage structure.
MATERIAL AND METHODS
Habitat selection was studied on the island of Minorca (Balearic archipelago, western Mediterranean), following Baltz's (1990) procedures for stratified studies on microhabitat use. Samples were collected in four seasons (November 1991 , February 1992 , May 1992 and July 1992 at thirteen points in the nine major estuaries of the island (Es Gorg, Albufera d'es Grau, es Mercadal, Binimel.là, Algaiarens, Algendar, Trebelúger, Son Bou, and Cala en Porter). Sampling stations were selected depending on salinity. When an estuary showed a salinity gradient, the number of sampling stations was at least as high as the number of salinity ranges recorded in that estuary and season (see below for salinity classification).
Salinity was measured with a hand refractometer and expressed with the Practical Salinity Scale. Water samples were collected at one-metre intervals along the water column. The first sample was always collected at the surface and the final sample at the bottom. This methodology allowed us to study water stratification and calculate the average salinity of the water column at each point. The area is tide-free therefore salinity did not change during the day. The Venice Conference salinity scale (Anonymous, 1959) , although slightly modified in agreement with Bulger et al., (1993) , was used to establish five salinity ranges: fresh water for values below 1.0, oligohaline between 1.1 and 5.0, mesohaline between 5.1 and 15.0, polyhaline between 15.1 and 30.0 and euhaline between 30.1 and 40.0.
A trammel net with a length of 45 metres, a depth of 1.5 metres and a stretched mesh size of 25 millimetres was laid for 24 hours. These nets were used because they are less selective than gill nets (Perrow et al.,, 1996) and this mesh size caught grey mullet with total lengths between 70 and 542 millimetres. Each site was sampled on two or three days every season.
Sampling effort was uneven, being more intense in the smaller estuaries. Hence, weighting factors were used to calculate the theoretical catch obtained if effort had been uniform (Baltz, 1990) . The surface of each estuary was measured using the maps provided by the Insular Council of Minorca (1:5000), corrected by field observations carried out during the surveys. The available surface of each microhabitat on the whole island was calculated by adding that present in each estuary. Once habitat had been mapped, weighting factors were calculated as the quotient between the number of fishing units needed to sample each habitat type in each estuary with an effort level of one fishing unit per hectare and the true number of fishing units used. True catch was multiplied by this factor to obtain the theoretical catch for each kind of habitat and estuary, and hence calculate the theoretical distribution of the population.
The mouths of Albufera d'es Grau, es Mercadal, Binimel.là, Algaiarens, Trebelúger, and Son Bou estuaries were closed by a sand bar throughout the dry season (from April to October) and hence fish exchange with the sea did not occur. Consequently, the spring and summer abundance of grey mullets in these blind estuaries is thought to reflect microhabitat selection just before the closure of the mouth and perhaps differential mortality throughout the landlocking period. Thus, habitat availability in May and July was computed as a combination of the actual availability in open estuaries and that in blind estuaries just before mouth closure.
Statistics
In agreement with the ideal free distribution theory (Ranta et al.,, 1999) , the null hypothesis was that fish distribution reflects habitat availability. Therefore, the chi-square test (Cuadras, 1983 ) was used for a global comparison of availability and habitat use (Neu et al.,, 1974) . The values expected were the percentages of surface available of each microhabitat type and the values observed were the percentages of the population inhabiting each microhabitat type. When significant differences were detected, the preference for avoidance of or indifference to each habitat type was measured using Ivlev's electivity index (1961, quoted by Baltz, 1990) where E c are the limits of the 95% confidence interval, n t is the size of the fish sample, n e is the size of the habitat sample, p t is the percentage of the population at that salinity, p e is the percentage of the habitat with that salinity, z is 1.96, i.e. the 2-sided normal deviate at significance level a=0.05.
Following Legendre and Legendre (1998) , an indirect gradient analysis was used to assess the role of salinity in assemblage organisation. Catch per unit effort data (number of fish caught per m 2 of net and hour of fishing) was first log-transformed (y= log (x+1)) and then Principal Component Analysis (PCA) was applied to ordinate assemblages in a reduced space. In a second step, Kendall's t rank correlation (Cuadras, 1983) between the position of the assemblages along each of the two major axes extracted by PCA and salinity was calculated. Calculations were performed with the SPSS.11 package.
RESULTS
The estuaries considered had a total of 101 hectares of open water suitable for grey mullet. Some adjoining temporary wetlands flooded in the rainy season but were never visited by fish because they were very shallow (depth <20 centimetres). Consequently, the surface of open water available for fish did not change throughout the year. Salinity gradients usually occurred only in estuary mouths and hence only one salinity range was present in most. However, salinity gradients were detected along the Es Gorg, Albufera d'es Grau and es Mercadal estuaries and several sampling stations were established there.
Most of the available estuarine habitat was polyhaline all year round (Table 1) because of the large extension of the Albufera d'es Grau estuary. The availability of fresh water habitats increased in autumn, decreased in winter and spring and dropped in summer, because of seasonal differences in rainfall. The availability of oligohaline and mesohaline habitats also fluctuated seasonally, but the availability of polyhaline habitats remained at similar levels throughout the year. Euhaline habitats only occurred in open estuaries (Es Gorg and Algendar).
5598 specimens were collected: 458 golden grey mullet Liza aurata (Risso, 1810), 1147 thinlip mullet Liza ramado (Risso, 1810), 2065 leaping mullet Liza saliens (Risso, 1810), 396 flathead mullet Mugil cephalus L, 1758 and 1532 thicklip mullet Chelon labrosus (Cuvier 1829).
The total length of L. aurata ranged between 111 and 290 millimetres ( Fig. 1 ), but only two specimens were longer than 271 mm and hence may be considered adults in agreement with Brusle (1981) . The population concentrated in polyhaline sites during most of the year, although occurrence in euhaline sites increased in spring and summer (Fig. 2) . The Chi-square test indicated that distribution was unrelated to habitat availability (d.f.= 5 in February and 7 in the other seasons; P<0.05 for all seasons). Sites with a salinity level lower than 15 were avoided all year round, although a few specimens were found in freshwater in autumn.
L. ramado ranged between 124 and 452 millimetres in total length. Specimens with a total length over 301 millimetres were considered adults in agreement with Brusle (1981) and shared the sampled sites with juveniles all year round (Fig. 1) . The population concentrated in polyhaline sites throughout most of the year, although use of less saline environments increased in winter (Fig. 3) . However, the Chi-square test indicated that distribution was unrelated to habitat availability (d.f.=5 in winter and 7 in the other seasons; P<0.05 for all seasons). The electivity of sites within the freshwater and oligohaline ranges was positive or neutral from winter to summer, but not in autumn. ability all year round. Euhaline sites were strongly avoided throughout the year, except in November when they were positively selected. L. saliens ranged between 105 and 285 millimetres in total length. Adult specimens, with a total length over 171 millimetres (Brusle 1981) , were found all year round, but their relative abundance increased dramatically in summer (Fig. 1) . The population concentrated in polyhaline sites, the most abundant habitat type, throughout the year (Fig. 4) , but the Chi-square test indicated that distribution was unrelated to habitat availability February and 7 in the other seasons; P<0.05 for all seasons). Euhaline sites were positively selected in autumn, whereas oligohaline, mesohaline and polyhaline were used depending on availability and freshwater sites were avoided. In winter, use of brackish habitat types matched availability, but fresh water zones were avoided. Freshwater, oligohaline and mesohaline sites were strongly avoided in spring and summer when polyhaline sites were used in agreement with availability. ramado. The left column shows fish distribution in the five habitat types (f: freshwater, o: oligohaline, m: mesohaline, p: polyhaline, e: euhaline). The right column shows the electivity plots. The number in brackets is the sample size and the vertical bars show the 95% confidence intervals. In both columns, a missing initial for a habitat type denotes that it was not present in that season.
length over 301 millimetres (Brusle 1981) , were found all year round, but their relative abundance increased dramatically in spring and summer (Fig.  1) . Usually, most of the population occurred in oligohaline and mesohaline sites, although in November most of them were found in freshwater and polyhaline areas (Fig. 5) year, whilst polyhaline and euhaline sites were always avoided. C. labrosus ranged from 70 to 406 millimetres in total length. Adult specimens, with a total length over 301 millimetres (Brusle, 1981) were found all year round (Fig. 1) . In winter and spring, most of the population was found in mesohaline and polyhaline sites, but in summer most concentrated in oligohaline sites (Fig. 1) . The Chi-square test indicated that distribution was unrelated to habitat availability (d.f.= 5 in February and 7 in the other seasons; P<0.05 for all seasons). The electivity analysis revealed an inconsistent pattern along the salinity gradient in autumn and winter, but a strong preference for brackish sites with a salinity level lower than 15 in spring and summer. Freshwater sites were positively selected from winter to spring, but strongly avoided in summer.
In spring and summer, the first component extracted by PCA (Tables 2 and 3) Consequently, assemblage position along that axis was rank correlated with salinity (Table 4 ). The second component extracted by PCA (Table 2 and 3) opposed C. labrosus to the remaining species and no significant rank correlation was found between assemblage position along this axis and salinity (Table 4 ). In autumn, the first component extracted by PCA (Tables 2 and 3 ) also opposed the species with a strong preference for freshwater sites (M. cephalus and C. labrosus) to those that avoided them (L. aurata, L. ramado and L. saliens), but assemblage position along this axis was not rank correlated with salinity (Table 4 ). The second axis was not correlated with salinity. No axis was correlated with salinity in winter.
DISCUSSION
The distribution of wild animals is ruled by a combination of environmental, biotic and stochastic factors. Assessing the relative importance of environmental and biotic factors is possible only if (1) the response curves relating the performance of the species to different environmental factors are known and (2) information about resource limitation is available. This was not true when the data reported here were collected, as the relationship between salinity and growth performance of the Mediterranean populations of the species considered here was ignored and information about whether they reach carrying capacity was also missing. Only once these gaps are partially filled (Cardona and Castelló, 1993; Gisbert et al., 1995; Cardona and Castelló-Orvay, 1997; Cardona 1999 Cardona , 2000 Cardona , 2001 , can a good interpretation of the results be made. This explains the 15-year gap between sampling and the publication of the results.
Stepwise multiple linear regression is a popular method for analysing the relationship between species abundance and environmental parameters (Legendre and Legendre, 1998) . Unfortunately, the curves that relate salinity and the growth performance of several grey mullet species are bell-shaped (Vallet et al.,, 1970; Cardona, 2000) , indicating a non-monotonic relationship between abundance and salinity in the wild, which goes against one of the basic assumptions of the method. Therefore, an approach based on the procedure described by Neu et al., (1974) is preferred.
Comparing habitat availability and habitat use showed that the distribution of all grey mullet species in the estuaries of Minorca was strongly affected by salinity. M. cephalus and L. ramado are good osmoregulators, as they maintain a stable internal osmolality in a wide range of external salinity levels, including fresh water (Lasserre and Gallis, 1975; Nordlie and Lefler, 1975; Nordlie et al.,, 1982; Thomas, 1984; Kulikova et al.,, 1989 these two species, the cost of osmotic regulation is the lowest within the oligomesohaline range (Nordlie and Lefler, 1975; Cardona, 1994 Cardona, , 2000 and therefore growth is expected to be highest within that range, although experimental evidence is available only for M. cephalus (Cardona, 2000) . Thus, it is not surprising to find that these two species showed a strong preference for sites with a salinity level under 15, although adults may prefer more saline areas (Cardona, 2000; Chang et al., 2004) . However, Chang et al., (2004) have revealed the existence of individual differences in the habitat preference of M. cephalus in Taiwan, as most specimens avoid freshwater sites throughout their life whereas others spend long periods there. Such variability may also be true for L. ramado, which is a species found over a wide range of salinity levels (Lafaille et al., 2002; Almeida, 2003) . Indeed, Pombo et al., (2005) suggested that turbidity and temperature were the parameters that ruled the distribution of L. ramado in a Portuguese estuary, without any relevant role for salinity. However, these conclusions may be premature, as Pombo et al., (2005) combined samples collected monthly at different sites in two different years in a single analysis, thus confusing the factors that rule seasonal changes in abundance with those ruling spatial distribution in a given season. The osmoregulatory strategy of C. labrosus differs from that reported above, as control of blood osmolality is poor and survival in freshwater for more than a few months is not possible (Lasserre and Gallis, 1975) . However, the oxygen consumption and growth rate of this species are not affected by the salinity level within the oligoeuhaline range (Cardona and Castelló, 1993; Cardona and Castelló-Orvay, 1997) . Strikingly, C. labrosus strongly favoured year round sites with a salinity level lower than 15, where no osmoregulatory advantage is expected. Furthermore, freshwater sites were also positively selected from autumn to spring, which goes against the predictions made based on laboratory experiments. Conversely, Almeida (2003) reported limited upstream penetration of C. labrosus in a Portuguese estuary when compared with that of L. ramado. The unexpected behaviour of C. labrosus in Minorca may be related to food availability, because the growth performance of C. labrosus improves in eutrophic sites (Walsh et al.,, 1994) and the trophic level of Mediterranean coastal lagoons depends on the freshwater input (Comin et al., 1990) . Actually, the most eutrophic coastal lagoons in Minorca are usually those with the lowest salinity (Cardona, 1994) , which probably explains the above reported preference of C. labrosus for low salinity sites. C. labrosus might prevent osmoregulatory failure by moving between freshwater and brackish/euhaline sites while the mouths of the estuaries are open (autumn and winter). When they close, the specimens trapped in freshwater sites would die after a few months, which would explain why C. labrosus was found in freshwater sites in spring, but not in summer. Detailed information on the movements of this species within a single estuary is needed in order to test this hypothesis.
Information about the osmoregulatory strategies of L. aurata and L. saliens is scarce, but it suggests a different scenario. The growth performance and the osmotic maintenance cost of L. aurata are optimised in polyhaline water (Vallet et al.,, 1970; Shusmin, 1990) , which explains why this species avoided sites with salinity levels under 15 all year round. There are no published data about the growth performance of L. saliens at different salinity levels, but oxygen consumption is independent of salinity within the oligoeuhaline range (Cardona, 1994) and this species can survive for several months in oligohaline but not in fresh water (Cardona, unpublished data) . Thus, a free distribution in brackish and euhaline sites and strong avoidance of fresh water sites might be expected, although this is true only in autumn and winter. In spring and summer, sites with a salinity lower than 15 are avoided. These results are in sharp contrast with those reported by Pombo et al., (2005) , who concluded that salinity did not contribute to explaining the variability observed in the abundance of L.aurata and L. saliens in a Portuguese estuary. Again, this is probably because Pombo et al., (2005) combined samples collected monthly at different sites in two different years in a single analysis, thus confusing the factors that rule seasonal changes in abundance, like temperature, with those ruling spatial distribution in a given season, like salinity.
Although salinity appears to be a major factor determining the distribution of the five grey mullet species in the estuaries of Minorca in May and July, this was not true in November and often in February. Inconsistency between habitat electivity and osmoregulatory skills was probably due to the combination of an off-shore reproductive migration (Brusle, 1981; Laffaille et al.,, 2002) and the reshuf-fling of part of the population among the estuaries once the sand bars that closed the mouths of the estuaries in spring and summer were removed by freshwater run-off in autumn.
The relevance of competition also deserves to be discussed. Competition at the detritivorous post-fry stage might explain the unexpected electivity pattern of C. labrosus from February to July, as it is complementary to that of L. saliens, the most abundant species on the island. However, evidence indicates that grey mullet are under carrying at the detritivorous post-fry stage in the largest estuary of the island (Cardona, 1999 (Cardona, , 2001 ) and hence competitive exclusion seems unlikely. However, Gisbert et al. (1995) demonstrated that the zooplantophagous fry of L. aurata and M. cephalus are negatively affected by intense interspecific competition with L. ramado, whereas the zooplanktofagous fry of L. saliens and C. labrosus are unaffected. Grey mullet assemblages at the post-fry stage are expected to show the consequences of this juvenile competitive bottleneck and be dominated by L. saliens and C. labrosus, with L. ramado as a secondary species and L. aurata and M. cephalus occurring at much lower frequencies. This population make-up occurs in Minorca, which strongly supports the hypothesis that juvenile bottlenecks together with salinity are relevant for structuring grey mullet assemblages.
